Acute pharyngitis/tonsillitis, which is characterized by infl ammation of the posterior pharynx and tonsils, is a common disease. Several viruses and bacteria can cause acute pharyngitis; however, Streptococcus pyogenes (also known as Lancefi eld group A β-hemolytic streptococci) is the only agent that requires an etiologic diagnosis and specifi c treatment. S. pyogenes is of major clinical importance because it can trigger post-infection systemic complications, acute rheumatic fever, and post-streptococcal glomerulonephritis. Symptom onset in streptococcal infection is usually abrupt and includes intense sore throat, fever, chills, malaise, headache, tender enlarged anterior cervical lymph nodes, and pharyngeal or tonsillar exudate. Cough, coryza, conjunctivitis, and diarrhea are uncommon, and their presence suggests a viral cause. A diagnosis of pharyngitis is supported by the patient's history and by the physical examination. Throat culture is the gold standard for diagnosing streptococcus pharyngitis. However, it has been underused in public health services because of its low availability and because of the 1-to 2-day delay in obtaining results. Rapid antigen detection tests have been used to detect S. pyogenes directly from throat swabs within minutes. Clinical scoring systems have been developed to predict the risk of S. pyogenes infection. The most commonly used scoring system is the modifi ed Centor score. Acute S. pyogenes pharyngitis is often a self-limiting disease. Penicillins are the fi rst-choice treatment. For patients with penicillin allergy, cephalosporins can be an acceptable alternative, although primary hypersensitivity to cephalosporins can occur. Another drug option is the macrolides. Future perspectives to prevent streptococcal pharyngitis and post-infection systemic complications include the development of an anti-Streptococcus pyogenes vaccine.
INTRODUCTION
Acute pharyngitis/tonsillitis, characterized by infl ammation of posterior pharynx and tonsils, is a common condition observed in outpatients seeking healthcare provision. Its main symptoms are sore throat and fever. Most cases of acute pharyngitis present a benign course and resolve without antiinfective treatment. Several viruses and bacteria can cause acute pharyngitis; however, Streptococcus pyogenes (also known as Lancefi eld group A β-hemolytic streptococci) is the only agent that requires an etiologic diagnosis and specifi c treatment. S. pyogenes is of major clinical importance because it can trigger post-infection systemic complications, acute rheumatic fever, and post-streptococcal glomerulonephritis, which occur 1-3 weeks after the pharynx infection 1, 2 . In the United States of America, there are an estimated 7 million cases of acute pharyngitis diagnosed in children annually 2 . S. pyogenes is responsible for 5% to 30% of cases of acute pharyngitis, and it is more frequent in children than in adults [1] [2] [3] [4] [5] . It is more common in children between 5 years and 15 years 1, 6 . In Brazil, it is diffi cult to evaluate the incidence of streptococcal infections; however, the Brazilian Institute of Geography and Statistics (Rio de Janeiro, Brazil) estimates that 10 million cases of streptococcal infection occur annually 5 . In this review, we present the cause and clinical manifestations of acute pharyngitis, and the diagnosis and treatment of streptococcal pharyngitis.
ETIOLOGY AND CLINICAL MANIFESTATIONS
Viruses cause approximately 75% of pharyngitis cases. The following viruses have been associated with acute pharyngitis: rhinovirus, coronavirus, adenovirus, infl uenza virus, parainfl uenza virus, coxsackievirus, herpes simplex virus, Epstein-Barr virus, cytomegalovirus, and human immunodefi ciency virus. In addition to group A streptococci, several strains of bacteria can cause acute pharyngitis such as group C streptococci and group G streptococci, Fusobacterium necrophorum, Arcanobacterium haemolyticum, Neisseria gonorrhoeae, Treponema pallidum, Francisella tularensis, Corynebacterium diphtheriae, Yersinia enterocolitica, Yersinia pestis, Mycoplasma pneumoniae, Chlamydophila psittaci, and mixed anaerobes 1 .
Common manifestations of acute pharyngitis are fever and sore throat with or without tonsillar erythema, swelling, exudate, or ulcerations. In streptococcal infections, symptom onset is usually abrupt and includes intense sore throat, fever, chills, malaise, headache, tender and enlarged anterior cervical lymph nodes, and pharyngeal or tonsillar exudate 1,2 . Palatal petechiae and scarlatiniform rash are highly specifi c, but rarely present 6 . Cough, coryza, conjunctivitis, and diarrhea are uncommon in streptococcal infection, and their presence suggests a viral etiology.
DIAGNOSIS
A diagnosis of pharyngitis is supported by the patient's medical history and by the physical examination. Previous exposure to streptococcus or viral agents should be investigated. However, infection caused by many other agents can be clinically indistinguishable from streptococcal pharyngitis 1 .
The etiologic diagnosis is based on laboratory tests. Throat culture is the gold standard for diagnosing pharyngitis caused by streptococcus and it has a sensitivity ranging between 90% and 95%. Samples should be obtained by vigorously swabbing the tonsils and the posterior pharynx 2 . If the result is negative, most patients should not be administered antibiotic therapy. However, when the result is positive, it does not eliminate the possibility of chronic colonization 1 . In Brazil, throat culture has been underused in public health services because of its low availability and because of the long (i.e., 1-2 day) period needed to obtain results.
Rapid antigen detection tests have been used to detect S. pyogenes directly from throat swabs within minutes 1, 2, 7 . These tests have a high specifi city (89.7%-99.0%) and variable sensitivity (55.0%-99.0%), depending on the assay used and the probability of streptococcal infection [1] [2] [3] 6, 8 . When results are positive, the rapid tests guide treatment and dispense with the need for a throat culture. However, if results are negative, clinicians should decide between performing a throat culture or ruling out streptococcal infection, based on the clinical evidence of S. pyogenes and their health service guidelines 3 . The recent European guidelines state that a negative rapid test is suffi cient to rule out streptococcal infection and discharge the patient 8 . In children, a negative rapid test can be confirmed by throat culture if there is a high clinical and epidemiologic suspicion of streptococcal pharyngitis 6 . The test is quick to perform; however, some clinicians use rapid tests less frequently than recommended 9 . A recent French study shows that the three primary barriers against using rapid tests are: I) the time required to perform the test; II) patient/parent expectations regarding antibiotics; and III) the perception that the clinical examination is suffi cient for prescribing an antibiotic 10 . Furthermore, rapid tests are not available in all public health services, particularly in underdeveloped countries.
Anti-streptococcal antibody titers are not useful in diagnosing acute infection because they increase later. For example, the level of one of the most commonly used antistreptococcal antibody tested, anti-streptolysin O, starts to increase from 7 to 14 days and peaks 3-6 weeks after the beginning of the infection 2 . The C-reactive protein level and the leukocyte count are not recommended for diagnosing streptococcal pharyngitis 6 , although these tests can be useful in monitoring infection progress and treatment outcome.
Although etiologic diagnosis of streptococcal pharyngitis depends on the laboratory tests, clinical scoring systems have been developed to predict the risk of S. pyogenes infection 11, 12 .
The most commonly used scoring system is the Centor score, which was fi rst proposed in 1981 and modifi ed in 2004 to include age in the risk classifi cation ( Table 1) 2,13,14 . The authors clinically estimated the risk of streptococcal pharyngitis by using fever, cough, tender anterior cervical adenopathy, tonsillar swelling or exudate, and patient age data ( Table 2 ). The Centor score was recently validated in an analysis of data collected from 206,870 patients aged 3 years or more with a painful throat 15 . Several guidelines recommend the score as a triage method 6 .
Despite the convenience of the Centor score for risk classifi cation of streptococcal pharyngitis, its clinical use is controversial 16 . For patients with a score of 1 point or less or a score of 4 points or greater, there seems to be consensus among several guidelines 1, 6, 8, 17 .
However, for patients with Centor scores of 2 points or 3 points, there is great controversy surrounding the laboratorial investigation and treatment that follows, even in developed countries. In the United States and several European countries where the incidence of rheumatic fever is low, physicians should perform a laboratory investigation and prescribe antibiotics only after obtaining positive throat culture or rapid test results 10 . In contrast, acute pharyngitis in other European countries is considered a benign self-limiting disease and microbiological tests are not routinely recommended; antibiotic treatment is reserved for well-selected patients 6 . In Brazil and in underdeveloped countries, the incidence of rheumatic fever remains elevated. An estimated 282,000 new cases of rheumatic heart disease occur each year worldwide; most of these cases are in underdeveloped countries 18 . In addition, public health services in Brazil experience diffi culty in performing culture tests and rapid tests. Therefore, we recommend that, if a laboratory investigation is unavailable and depending on clinical judgment, patients with a Centor score of 2 points or greater should be treated with antibiotics. However, because adults with acute pharyngitis have a low incidence of S. pyogenes infection and acute rheumatic fever, using the Centor score without laboratory confi rmation could result in a large number of adults with non-streptococcal pharyngitis being treated with antibiotics 17 .
TREATMENT
There are recommendation discrepancies between the European and North American guidelines for acute pharyngitis treatment, both of which emphasize the importance of reducing overall antibiotic use to limit antibiotic resistance 6, 8 . However, many physicians still prescribe antibiotics in patients with pharyngitis without evidence of S. pyogenes infection 3, 6, 9, 19, 20 . Because most acute pharyngitis cases are caused by viruses, antibiotic treatment is completely useless. A recent report showed that antibiotics were prescribed for up to 73% of adults with acute pharyngitis 3 . In fact, acute pharyngitis is a major cause of inappropriate antibiotic use in clinical practice 3 .
Acute S. pyogenes pharyngitis is often a self-limiting disease. Fever usually resolves within 3-5 days and sore throat resolves in 1 week. 1 Antibiotics help to reduce the severity and duration of symptoms, limit disease spread, and prevent suppuration (e.g., peritonsillar or retropharyngeal abscess, cervical lymphadenitis, otitis media, and mastoiditis) and noninfectious complications such as acute rheumatic fever 1, 3, 6, 21 . There is some doubt whether post-streptococcal glomerulonephritis can be prevented by antibiotic treatment in streptococcal pharyngitis 1 . Antibiotics are less effi cient in improving symptoms when started 2 days after disease initiation 3 . However, even when started 1-2 days after symptoms have begun, they are equally effective in preventing rheumatic fever 5, 17 . Patients are considered noncontagious or only minimally contagious 24 hours after starting antibiotic treatment 16, 22 ; therefore, children should return to school 24h after starting antibiotic therapy.
Narrow-spectrum penicillins are the fi rst choice for treatment because of the rarity of documented resistance to penicillin by group A streptococcus during pharyngitis treatment and because of their low cost 2, 6, 23 . A recent literature review failed to show differences between antibiotics in treating streptococcal pharyngitis 23 .
The recommended oral formulation is penicillin V. For complete agent eradication, it is important to emphasize that oral penicillin should be taken for 10 days, even if symptoms subside within a few days 5, 6 . It is diffi cult for patients to maintain treatment for 10 days because of the drug's poor palatability, the need to take it several times a day, and the rapid symptom resolution. Because amoxicillin is reportedly equally effective and has a better palatability, it is a suitable option for children 6 . The Brazilian guidelines for rheumatic fever prevention recommend a single dose of intramuscular benzathine penicillin as the fi rst choice for treating streptococcal pharyngitis. This treatment has a low incidence of side effects and a high rate of adherence and streptococcus eradication 5 . Table 3 shows antibiotic dosing regimens 5, 6 . In patients with penicillin allergy, cephalosporins can be an acceptable alternative, although a primary hypersensitivity to cephalosporins can occur 6 . The macrolides are another option ( Table 3) . S. pyogenes resistance to erythromycin has increased with increased macrolide use 24 .
A recent literature review shows that the administration of new generation antibiotics such as azithromycin for 3-6 days has comparable effi cacy as the standard 10-day course of oral penicillin 25 . However, the authors of that review state that this result must be interpreted with caution in areas with a high incidence of rheumatic heart disease.
Anti-infl ammatory agents such as ibu profen, ketoprofen, and diclofenac, or analgesic agents such as paracetamol can reduce severe symptoms and high fever 8 . Systemic corticosteroids should not be routinely prescribed in acute pharyngitis 8, 26 . They can however be considered in adult patients who have more severe presentations (e.g., a score of 3-4 points in the Centor criteria) 8 .
In a recurrence of pharyngitis, a throat swab culture or a rapid antigen detection test should be performed. When test results are positive, patients should be treated again. In these cases, it is also recommended to detect and treat healthy carriers among people from the same residence 1 .
FUTURE PERSPECTIVES
Future perspectives on preventing streptococcal pharyngitis, and more importantly systemic post-infection complications include the development of an anti-Streptococcus pyogenes vaccine 27 . Several decades ago, efforts to produce a vaccine against S. pyogenes began, and different models have been proposed 27 . There are currently several vaccine models, most in preclinical studies. 5 Recent experimental studies have shown that a 55-residue peptide, called StreptInCor, can be an effective and safe vaccine for preventing S. pyogenes infection 28, 29 .
In conclusion, acute pharyngitis/tonsillitis is a common health issue caused by several viruses and bacteria. S. pyogenes is the only agent that requires an etiologic diagnosis and specifi c treatment because of its potential to trigger systemic postinfection complications. A diagnosis of pharyngitis is supported by medical history and physical examination. The clinical Centor score has been used to predict the risk of S. pyogenes infection. Throat culture is the gold standard for diagnosing streptococcal pharyngitis. Rapid antigen detection tests have been used to detect S. pyogenes directly from throat swabs within minutes. Narrow-spectrum penicillins are still the fi rst choice for treating pharyngitis and preventing acute rheumatic fever. 5, 6 .
